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The title compound (systematic name: methyl 2-{(lR,2R)-2- 
[(la5,45',4a 1 S , ,8a5)-4-(furan-3-yl)-4a-methyl-8-methylene-2- 
oxooctahydrooxireno[2,3-d]isochromen-7-yl]-2,6,6-trimethyl- 
5-oxocyclohex-3-en-l-yl}acetate), C27H32O7, was isolated 
from X. moluccensis seeds from Thailand. The conformations 
of the six-membered rings are distorted half-chair, chair and 
half-chair for the isolated cyclohexane, fused cyclohexane and 
lactone rings, respectively. In addition, the lactone ring bears 
in an equatorial orientation an essentially planar furan ring 
(r.m.s. deviation = 0.004 A), which forms an angle of 
63.87 (13)° with the mean plane defined by the ten atoms of 
the two fused six-membered rings (r.m.s. deviation = 0.213 A). 
The absolute configuration was fixed on the basis of literature 
data. 

Related literature 

For general background to limonoids and their activities, see: 
Alvi et al. (1991); Yu et al. (2007); Li et al. (2009). For related 
structures, see: Chaninera/. (2010); Pudhom et al. (2009,2010). 
For the bioactivity of limonoids, see: Koul et al. (2004); Endo et 
al. (2002); Nakagawa et al. (2001); Ravangpai et al. (2011). For 
puckering parameters, see: Cremer & Pople (1975). 
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Experimental 

Crystal data 

C27H32O7 
M r = 468.53 
Orthorhombic, PLfol^ 
a = 8.8125 (5) A 
b = 12.5907 (7) A 
c = 21.9393 (11) A 

Data collection 

Bruker SMART APEXII CCD 
area-detector diffractometer 
13719 measured reflections 

Refinement 

R[F 2 > 2a(F 2 )] = 0.041 

wR(F 2 ) = 0.117 

S = 1.11 

5520 reflections 



V = 2434.3 (2) A 3 
Z = 4 

Mo Ka radiation 
ji = 0.09 mm -1 
T = 296 K 

0.48 x 0.40 x 0.36 mm 



3132 independent reflections 
2725 reflections with I > 2o'(7) 
R iM = 0.020 



312 parameters 

H-atom parameters constrained 
A/w = 0.68 e A~ 3 
Ap mi „ = -0.18 e A~ 3 



Data collection: APEX2 (Bruker, 2008); cell refinement: SAINT 
(Bruker, 2008); data reduction: SAINT, program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 (Farrugia, 1997; software used to prepare material for 
publication: publCIF (Westrip, 2010). 
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And i robin from X. moluccensis 

Chutima Jittaniyom, Damrong Sommit, Nongnuj Muangsin and Khanitha Pudhom 

Comment 

Limonoids are triterpene derivatives from a precursor with a 4,4,8-trimethyl-17-furanylsteroid skeleton. Limonoid 
examination of the Meliaceae family is of growing interest due to a range of biological activities, such as insect 
antifeedants and growth regulators, antibacterial, antifungal, antimalarial, anticancer, antiviral and anti-inflammatory 
activities (Koul et al, 2004; Endo et al, 2002; Nakagawa et al, 2001; Ravangpai, et al, 2011). The genus Xylocarpus 
(Meliaceae) has proved to be a rich source of an array of structurally diverse limonoids, including gedunin, andirobin, 
mexicanolide and phragmalin type limonoids, with a broad range of biological activities (Alvi et al, 1991; Yu et al, 
2007; Li et al, 2009). We have recently reported the isolation and identification a number of limonoids from three Thai 
mangroves in this genus, X. granatum, X. moluccensis and X. rumphii (Chanin et al, 2010; Pudhom et al, 2009; Pudhom 
et al, 2010). Herein, we report the complete assignments of NMR and the crystal structure of the title compound isolated 
from X. moluccensis seeds. 

In the molecular structure, the conformation of the six-membered rings are distorted half-chair, chair and half-chair for 
the isolated cyclohenane, fused cyclohexane and lactone ring respectively (Cremer & Pople, 1975). In addition, the 
lactone ring bears in equatorial orientation a planar furan ring (r.m.s. deviation= 0.004 A) which form an angle of 
63.87 (13)°with the mean square plane (r.m.s. deviation A) defined by the ten atoms of the two fused six-membered 
rings. 

Experimental 

General Experiment Procedures. Melting point was measured using a Fisher- Johns melting point apparatus. NMR 
spectra were recorded with a Bruker AV400 ('H, 400 MHz; 13 C, 100 MHz) spectrometer using tetramethylsilane as an 
internal standard. Mass spectra were obtained from a Bruker micrOTOF mass spectrometer. 

Plant Material. Fruits ofX. moluccensis were collected from Surat Thani province, Thailand, in January 2010. Plant 
materials were identified by Royal Forest Department, Bangkok, Thailand. 

Extraction and Isolation of Andirobin (1). Air-dried powdered seeds of X. moluccensis (2 kg) were extracted with 
MeOH (5L x 2, each for two days) at room temperature. Extracts were pooled and the solvent were removed under 
reduced pressure. The combined MeOH extract was then suspended in water and partitioned with EtOAc. The EtOAc 
crude extract obtained (30 g) was chromatographed on a sililca gel column eluted with a gradient of acetone-hexane 
(from 1 :9 to 1 :0) to yield 12 fractions. Fraction 2 was further purified by silica gel column chromatography eluting with a 
1:9 mixture of acetone-hexane and recrystallized from MeOH to afford the title compound (1, 25.0 mg). 

Andirobin (1): colorless crystals; 'H NMR (400 MHz, CDC1 3 ) d 7.34 (IH, s, H-23), 7.33 (IH, s, H-21), 7.07 (IH, d,J= 
10.4 Hz, H-l), 6.27 (IH, s, H-22), 5.99 (IH, d, J= 10.4 Hz, H-2), 5.41 (\H, s, H-17), 5.30 (IH, s, H-30a), 5.20 (\H, s, 
H-306), 3.97 (\H, s, H-15), 3.64 (3H, s, 7-COOCW,), 2.62 (IH, dd, J= 3.2, 6.8 Hz, H-5), 2.44 (IH, dd, J= 7.2, 17.2 Hz, 
H-6a), 2.39 (IH, d, J= 6.8 Hz, H-9), 2.28 (\H, dd, J= 3.2, 17.2 Hz, H-6 b), 1.90 (IH, m, H-lla), 1.73 (\H, m, H-116), 
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1.60 (IH, m, H-12a), 1.16 (IH, m, H-126), 1.04 (3H, s, 28-CH 3 ), 1.01 (3H, s, 29-CH 3 ), 0.90 (3H, s, 19-CH 3 ), 0.87 (3H, s, 
18-CH 3 ); 

13 C NMR(100 MHz, CDC1 3 ) d 203.7 (C=0, C-3), 174.3 (OO, C-7), 166.7 (C=0, C-16), 153.5 (CH, C-l), 143.2 (CH, 
C-23), 140.9 (CH, C-21), 138.9 (C, C-8), 125.7 (CH, C-2), 122.3 (CH 2 , C-30), 119.8 (C, C-20), 109.7 (CH, C-22), 77.4 
(CH, C-15), 67.8 (C, C-14), 55.5 (CH, C-17), 52.1 (CH 3 , l-COOCH 3 ), 48.8 (CH, C-9), 46.1 (C, C-4), 43.1 (C, C-10), 
42.8 (CH, C-5), 38.6 (C, C-13), 31.5 (CH 2 , C-6), 29.5 (CH 2 , C-12), 22.7 (CH 3 , C-29), 22.5 (CH 3 , C-28), 21.3 (CH 2 , 
C-ll), 20.2 (CH 3 , C-19), 14.6 (CH 3 , C-18). 

Refinement 

All H atoms were geometrically positioned and treated as riding atoms with distances C — H = 0.96 A (CH3), 0.97 A 
(CH2), 0.93 A (CH), and £/ iS0 (H) = 1.20 U m (C) for methylene and aromatic, 1.50 <7 eq (C) for methyl. The absolute 
structure could not be determined from the X-ray analysis, but it was known from earlier work on related compounds 
(e.g. AM et al, 1991, Yu et at, 2007 and Li et al, 2009). 2388 Friedel pairs were therefore merged before the final 
refinement. 

The maximum residual density (0.68 eA 3 ) is larger than normally expected. However, the nearest atom to the 
corresponding minimum is 05 at 2.74 A, which seems to indicate that de residual density can be associated to unmodeled 
disordered solvent molecules. 

Computing details 

Data collection: APEX2 (Bruker, 2008); cell refinement: SAINT (Broker, 2008); data reduction: SAINT (Broker, 2008); 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: ORTEP-3 (Farrogia, 1997; software used to prepare material for publication: 
publCIF (Westrip, 2010). 




Figure 1 

The molecular structure of the title compound with ellipsoids drawn at the 30% probability level. 
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methyl 2-{(1 fl,2/?)-2-[(1 aS,4S,4aS,8aS)- 4-(furan-3-yl)-4a-methyl-8-methylene-2- oxooctahydrooxireno[2,3- 
c/]isochromen-7-yl]-2,6,6-trimethyl- 5-oxocyclohex-3-en-1 -yljacetate 



Crystal data 

C27H32O7 
M r = 468.53 
Orthorhombic, PlAl^ 
Hall symbol: P 2ac 2ab 
a = 8.8125 (5) A 
b= 12.5907 (7) A 
c = 21.9393 (11) A 
F= 2434.3 (2) A 3 

Data collection 

Broker SMART APEXII CCD area-detector 

diffractometer 
Radiation source: Mo Ka 
Graphite monochromator 
(p and co scans 
13719 measured reflections 
3132 independent reflections 

Refinement 

Refinement on F 1 
Least-squares matrix: full 
R[F > 2cr(^ 2 )] = 0.041 
wR(F 2 ) = 0.m 
S = 1.11 

5520 reflections 
312 parameters 



Z = 4 

7^(000) = 1000 

£> x = 1.278 Mgm" 3 

Mo Ka radiation, 1 = 0.71073 A 

/u = 0.09 mm" 1 

T=296K 

Prism, colourless 

0.48 x 0.40 x 0.36 mm 



2725 reflections with I > 2a(I) 
R mt = 0.020 

ftnax = 27.5°, (9 m in = 1.9° 

h = -11— »7 
it = -15^15 
/ = -28-»19 



0 restraints 

H-atom parameters constrained 

w = l/tc; 2 ^ 2 ) + (0.0714P) 2 + 0.1995P] 

where P = (F„ 2 + 2F, 2 )/3 
(A/<7) mK = 0.014 
A/w = 0.68 e A -3 
Ap mm = -0.18eA- 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 
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02 


0.44932 (17) 


-0.06685 (16) 


-0.02238 (8) 


0.0484 (4) 
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03 


0.54407 (18) 


0.09958 (13) 




0.06392 (8) 


0.0427 (4) 




04 


0.22495 (19) 




-0.0432 (2) 




0.01901 (10) 


0.0681 (6) 




05 


1.2467 (2) 




0.2941 (2) 




0.06570 (11) 


0.0795 (7) 




06 


1.2129 (2) 




0.00409 (15) 




0.24700 (8) 


0.0535 (4) 




07 


1.1985 (2) 




0.10284 (18) 




0.33109 (8) 


0.0591 (5) 




Atomic displacement parameters (A 2 ) 






U 




U 33 




u 


u 13 


U 


CI 


0.0448 (12) 


0.0358 


(11) 


0.0423 


(12) 


0.0015 (10) 


-0.0057 (10) 


0.0053 (9) 


C2 


0.0575 (14) 


0.0491 


(14) 


0.0446 


(13) 


-0.0022 (12) 


0.0010(11) 


0.0135 (11) 


C3 


0.0472 (13) 


0.0420 


(12) 


0.0571 


(15) 


-0.0019(11) 


0.0068 (12) 


0.0113 (11) 


C4 


0.0369 (10) 


0.0364 


(11) 


0.0549 


(14) 


-0.0032 (9) 


0.0027 (10) 


-0.0047 (10) 


C5 


0.0313 (9) 


0.0342 


(10) 


0.0377 


(11) 


0.0007 (9) 


0.0029 (9) 


-0.0039 (9) 


C6 


0.0383 (11) 


0.0486 


(13) 


0.0380 


(11) 


0.0017(10) 


0.0011 (10) 


-0.0083 (10) 


C7 


0.0340 (10) 


0.0505 


(13) 


0.0373 


(11) 


-0.0068 (10) 


0.0002 (9) 


-0.0020(10) 


C8 


0.0333 (9) 


0.0357 


(10) 


0.0368 


(10) 


0.0013 (9) 


0.0054 (9) 


-0.0015(9) 


C9 


0.0317(9) 


0.0339 


(10) 


0.0316 


(9) 


0.0027 (8) 


0.0000 (8) 


0.0026 (8) 


CIO 


0.0317(9) 


0.0330 


(10) 


0.0368 


(10) 


0.0028 (8) 


0.0011 (9) 


-0.0006 (8) 


Cll 


0.0320 (9) 


0.0398 


(11) 


0.0414 


(11) 


0.0074 (9) 


-0.0018(9) 


-0.0077 (10) 


C12 


0.0293 (9) 


0.0411 


(11) 


0.0386 


(10) 


0.0025 (9) 


0.0041 (9) 


-0.0052 (9) 


C13 


0.0306 (9) 


0.0333 


(10) 


0.0325 


(10) 


-0.0015 (8) 


0.0019 (8) 


0.0001 (8) 


C14 


0.0295 (9) 


0.0351 


(10) 


0.0367 


(10) 


0.0001 (8) 


0.0056 (8) 


0.0020 (9) 


C15 


0.0309 (10) 


0.0559 


(14) 


0.0438 


(12) 


0.0045 (10) 


0.0045 (9) 


-0.0038 (11) 


C16 


0.0320(10) 


0.0609 


(15) 


0.0470 


(13) 


0.0008(11) 


0.0005 (10) 


0.0015 (11) 


C17 


0.0299 (9) 


0.0444 


(11) 


0.0365 


(10) 


-0.0002 (9) 


0.0006 (8) 


0.0017(10) 


C18 


0.0554(13) 


0.0355 


(11) 


0.0433 


(12) 


-0.0041 (11) 


0.0017(11) 


0.0028 (9) 


C19 


0.0380 (11) 


0.0396 


(12) 


0.0565 


(14) 


0.0083 (10) 


0.0023 (11) 


-0.0089 (11) 


C20 


0.0365 (10) 


0.0490 


(12) 


0.0327 


(10) 


-0.0007 (10) 


-0.0034 (9) 


0.0000(10) 


C21 


0.0575 (15) 


0.0646 


(16) 


0.0486 


(14) 


-0.0055 (14) 


0.0143 (13) 


-0.0092 (13) 


C22 


0.0700 (18) 


0.0625 


(16) 


0.0485 


(14) 


-0.0169(15) 


0.0043 (14) 


-0.0103 (13) 


C23 


0.079 (2) 


0.0610 


(17) 


0.0440 


(14) 


0.0081 (16) 


-0.0053 (14) 


-0.0161 (13) 


C28 


0.0568 (16) 


0.0386 


(13) 


0.097 (2) 


-0.0021 (12) 


0.0090 (16) 


-0.0122 (14) 


C29 


0.0393 (11) 


0.0538 


(15) 


0.0671 


(16) 


-0.0080 (12) 


-0.0017 (12) 


-0.0075 (13) 


C30 


0.0443 (12) 


0.0640 


(16) 


0.0426 


(12) 


-0.0058 (12) 


0.0092 (11) 


0.0043 (12) 


C31 


0.0599 (16) 


0.102 (3) 


0.0610 


(17) 


0.0075 (19) 


-0.0247 (15) 


-0.0005 (18) 


01 


0.0636 (12) 


0.0953 


(17) 


0.0548 


(11) 


0.0116(13) 


0.0136(10) 


-0.0144(11) 


02 


0.0303 (7) 


0.0707 


(12) 


0.0441 


(9) 


-0.0009 (8) 


-0.0025 (7) 


-0.0084 (8) 


03 


0.0379 (7) 


0.0408 


(8) 


0.0493 


(9) 


0.0077 (7) 


-0.0028 (7) 


0.0008 (7) 


04 


0.0308 (8) 


0.1065 


(17) 


0.0671 


(12) 


-0.0061 (10) 


0.0017 (9) 


-0.0101 (13) 


05 


0.0559 (12) 


0.110(2) 


0.0727 


(13) 


-0.0154(12) 


0.0136(11) 


0.0291 (14) 


06 


0.0519(10) 


0.0581 


(11) 


0.0504 


(10) 


0.0105 (9) 


-0.0017 (8) 


-0.0012 (9) 


07 


0.0537 (10) 


0.0788 


(13) 


0.0450 


(10) 


0.0036 (10) 


-0.0149 (8) 


-0.0079 (9) 



Geometric parameters (A, ") 



CI— C2 1.321(3) C14— C15 1.471(3) 

CI— CIO 1.505 (3) C15— 03 1.440(3) 

CI— HI 0.9300 C15— C16 1.485 (3) 

C2— C3 1.459 (4) C15— H15 0.9800 
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C2— H2 
C3— 05 
C3— C4 
C4— C29 
C4— C28 
C4— C5 
C5— C6 
C5— CIO 
C5— H5 
C6— C7 
C6 — H6A 
C6— H6B 
CI— 06 
C7— 07 
C8— C30 
C8— C14 
C8— C9 
C9— Cll 
C9— CIO 
C9— H9 
CIO— C19 
Cll— C12 
Cll— H11A 
Cll— HUB 
C12— C13 
C12— H12A 
C12— H12B 
C13— C14 
C13— C18 
C13— C17 
CI 4— 03 



0.9300 
1.215 (3) 
1.522 (4) 

1.534 (3) 
1.545 (3) 
1.561 (3) 
1.530 (3) 
1.567 (3) 
0.9800 
1.498 (3) 
0.9700 
0.9700 
1.194 (3) 
1.336 (3) 
1.324 (3) 
1.495 (3) 
1.528 (3) 
1.550 (3) 
1.585 (3) 
0.9800 
1.545 (3) 
1.520 (3) 
0.9700 
0.9700 
1.547 (3) 
0.9700 
0.9700 
1.519(3) 

1.535 (3) 
1.540 (3) 
1.454 (3) 



CI 6— 04 
CI 6— 02 
CI 7— 02 
CI 7— C20 
C17— H17 
C18— H18A 
C18— H18B 
C18— H18C 
C19— H19A 
C19— H19B 
C19— H19C 
C20— C21 
C20— C22 
C21— 01 
C21— H21 
C22— C23 
C22— H22 
C23— 01 
C23— H23 
C28— H28A 
C28— H28B 
C28— H28C 
C29— H29A 
C29— H29B 
C29— H29C 
C30— H30A 
C30— H30B 
C31— 07 
C31— H31A 
C31— H31B 
C31— H31C 



1.198 (3) 

1.348 (3) 

1.469 (2) 

1.495 (3) 

0.9800 

0.9600 

0.9600 

0.9600 

0.9600 

0.9600 

0.9600 

1.351 (4) 

1.408 (4) 

1.358 (3) 

0.9300 

1.327 (4) 

0.9300 

1.350 (4) 

0.9300 

0.9600 

0.9600 

0.9600 

0.9600 

0.9600 

0.9600 

0.9300 

0.9300 

1.445 (4) 

0.9600 

0.9600 

0.9600 



C2— CI— CIO 
C2— CI— HI 
CIO— CI— HI 
CI— C2— C3 
CI— C2— H2 
C3— C2— H2 
05— C3— C2 
05— C3— C4 
C2— C3— C4 
C3— C4— C29 
C3— C4— C28 
C29— C4— C28 
C3— C4— C5 
C29— C4— C5 
C28— C4— C5 
C6— C5— C4 
C6— C5— CIO 



125.4 (2) 

117.3 

117.3 

123.9 (2) 

118.1 

118.1 

122.1 (2) 

121.8 (3) 
115.9(2) 

109.9 (2) 
105.8 (2) 

108.2 (2) 
108.59(19) 
110.0(2) 
114.23 (19) 
112.02(19) 

113.03 (17) 



CI 5— C14— C13 
C8— C14— C13 
03— CI 5— C 14 
03— CI 5— C16 
C14— C15— C16 

03— CI 5— HI 5 
C14— C15— H15 
C16— C15— H15 

04— CI 6— 02 
04— CI 6— C15 
02— CI 6— CI 5 
02— CI 7— C20 
02— CI 7— C13 
C20— CI 7— C13 
02— CI 7— HI 7 
C20— CI 7— HI 7 
C13— C17— H17 



116.97(19) 

116.10(17) 

59.93 (13) 

116.2 (2) 

119.0(2) 

116.5 

116.5 

116.5 

119.0(2) 

122.5 (2) 

118.41 (18) 

105.46 (18) 

111.37(17) 

115.22(18) 

108.2 

108.2 

108.2 
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C4 — C5 — CIO 


1 if 01 / 1 0\ 

115.81 (18) 


C6 — C5 — H5 


104.9 


C4 — C5 — H5 


1 A /I A 

104.9 


CIO — C5 — H5 


1 A A A 

104.9 


C7 — Co — C5 


1 1 o Hf\ ( 1 A\ 

113.70 (19) 


C7 — Co — H6A 


1 AO O 

108.8 


t~* c r^t: t I/: a 

C5 — Co — H6A 


1 AO O 

108.8 


C7 — Co — H6B 


1 AO O 

108.8 


C5 — Co — Hob 


1 AO O 

108.8 


HoA — Co — H6B 


107.7 


Oo — C7 — Q7 


123.4 (2) 


Oo — C7 — Co 


125.4 (2) 


r\H t~*H 

O / — C / — Co 


111 1 /i\ 
111.1 (2) 


/Tin i~*o 1 /I 

C30 — C8 — C14 


121.5 (2) 


C30 — C8 — C9 


122.2 (2) 


C14 — C8 — C9 


115.96 (17) 


r~y o pa n 1 

C8 — C9 — Cll 


1 AO 1/1 / 1 T\ 

108.14 (17) 


C8 — C9 — CIO 


11/: cn / 1 t\ 

116.50 (17) 


f • 1 1 pi i"v P 1 (\ 

Cll — C9 — CIO 


1 1 f AC /I T\ 

115.45 (17) 


C8 — C9 — H9 


1 AC 1 

105.2 


Cll — C9 — H9 


1 AC 1 

1U5.Z 


t~< 1 f\ /~<a tta 

CIO — C9 — H9 


1 AC ^ 

105.2 


CI — CIO — C19 


1 AO A") / 1 A\ 

108.03 (19) 


p i p i f\ PC 

CI — CIO — C5 


1 AA AT / 1 0\ 

109.93 (18) 


C19 — CIO — C5 


113.42 (18) 


CI — CIO — C9 


111.20 (17) 


C19 — CIO — C9 


108.42 (17) 


p < r pi | pi pi p» 

C5 — CIO — C9 


1 AC O/ - / 1 

105.86 (16) 


pit pi i pa 

C12 — Cll — C9 


i i r on / 1 n\ 

115.89 (17) 


p i /-\ /- < i i T T 1 1 A 

C12 — Cll — H11A 


108.3 


pi i\ p i \ TT1 1 A 

C9 — Cll — H11A 


108.3 


C12 — Cll — HUB 


1 AO 1 

108.3 


/~* a n t ttiit> 

C9 — Cll — HUB 


1 AO O 

108.3 


T T 1 1 A /"I 11 T T 1 1 T~» 

HllA — Cll — HUB 


107.4 


P 1 1 1 P< 1 T f " 1 •"> 

Cll — C12 — C13 


1 1 ■) io /i o\ 

113.28 (18) 


pi 1 pn TT1 T A 

Cll — Clz — HlzA 


1 AO A 

108.9 


P 1 PH TT1 T A 

Cli — Clz — HlzA 


1 AO A 

108.9 


pi i ph tti in 

Cll — Clz — HlzB 


1 AO A 

108.9 


pin p i ^ tti in 
Cli — Clz — HlzB 


1 AO A 

108.9 


TTI 1 A pi1 TTI IT) 

H 1 z A — C 1 z — H 1 zB 


1 AT T 

107.7 


P 1 A PIT P 1 O 

C 1 4 — C 1 3 — C 1 8 


1 AO OA / 1 0\ 

108.80 (18) 


P 1 /I pi -> PIT 

C14 — C13 — C17 


1 AT TO / 1 H\ 

107.38 (17) 


r^io rn rin 

C 1 8 — C 1 3 — C 1 7 


1 1 ■*> in { 1 o\ 

112.39 (18) 


C14 — Cli — Clz 


1 AO n / 1 T\ 

1U8.4/ (1 /) 


C18— C13— C12 


111.46(19) 


C17— C13— C12 


108.19(17) 


03— CI 4— C15 


58.98 (15) 


03— C14— C8 


114.37(18) 


C15— C14— C8 


122.08 (19) 



p i -) p i o T T 1 O A 

C13 — CI 8 — H18A 


109.5 


/"< 1 1 /~1 1 o T T 1 OT~* 

Cl3 — Cl8 — H18B 


109.5 


T T 1 O A P 1 O TTI on 

H18A — C18 — H18B 


109.5 


p i -> pio ni or 

C13 — C18 — H18C 


1 AA C 

109.5 


T T 1 O A p i o T T 1 O P 

H18A — C18 — H18C 


109.5 


T T 1 C i T"1 /"< 1 O T T 1 O A 

H18B — CI 8 — H18C 


109.5 


P 1 A P 1 A TT1 A A 

CIO — Cl9 — H19A 


109.5 


p i pi p 1 A TTI f \ T"-) 

C10 — C19 — H19B 


109.5 


T T 1 A A p i a T T 1 AT~i 

H19A — C19 — H19B 


109.5 


p 1 pi p 1 A TTI f\ /"""■ 

C10 — C19 — H19C 


109.5 


TT1AA pi A T T 1 (\/-^ 

H19A — C19 — H19C 


1 AA C 

109.5 


T T 1 r\T~* /~ 1 r\ T T 1 ("\ A 

H 1 9B — C 1 9 — H 1 9C 


109.5 


s~ ' ~\ 1 P^A PTl 

C2 1 — C20 — C22 


1 A A O /I \ 

104.8 (2) 


P11 P1A p 1 -7 

C21 — C20 — C17 


1 1 C T /T \ 

125.2 (2) 


C22 — C20 — Cl7 


130.0 (2) 


C20 — C21 — 01 


110.9 (3) 


C ' ^> l\ PI 1 TTI 1 

CzO — Cz 1 — Hz 1 


124.6 


f~\ 1 PI 1 TTT1 

Ol — C2l — H2l 


124.6 


C23 — C22 — C20 


1 AA /~\ \ 

108.0 (3) 


p i ^> PH TTH 

C23 — C22 — H22 


126.0 


P^a PH TTH 

C20 — C22 — H22 


126.0 


C22 — C23 — Ol 


110.2 (3) 


S~ < ^\ ^\ /"1^1 T T^l 

C22 — C23 — H23 


124.9 


p\ i pn TTn 

Ol — C23 — H23 


124.9 


p a PIO TTIO A 

C4 — C2 8 — H2 8 A 


1 AA C 

109.5 


C4 — C2 8 — H2 8 B 


109.5 


H28A — C28 — H28B 


109.5 


p A PIO TTIOP 

C4 — C28 — H28C 


109.5 


TTIO A p^o TTTO/^ 

H28A — C28 — H28C 


1 AA C 

109.5 


H28B — C28 — H28C 


109.5 


/"I yl --\ / \ T T-^ f\ A 

C4 — C29 — H29A 


109.5 


p /t pia TTinn 

C4 — C29 — H29B 


1 AA C 

109.5 


TT1A A P'iA TT^nn 

H29A — C29 — H29B 


1 AA C 

109.5 


C4 — C29 — H29C 


109.5 


H29A — C29 — H29C 


109.5 


TTI ATT P 1 A T TT AP 

H29B — C29 — H29C 


109.5 


po p i -) pi TTTA A 

C8 — C30 — H30A 


120.0 


C8 — C30 — H30B 


120.0 


1 IT A A t~~y~\ f\ TTI Ar> 

H30A — C30 — H30B 


120.0 


/■\ -7 pi ~\ i TTT 1 A 

07 — C31 — H31A 


1 A A C 

109.5 


/"\ — T P") 1 TTI 1 r> 

07 — C31 — H31B 


109.5 


TTT 1 A p "> 1 TTI 1 Tl 

H31A — C31 — H31B 


109.5 


/-V"7 PT 1 TTI 1 P 

07 — C31 — H31C 


1 AA C 

109.5 


TT') 1 A /~~"~) 1 Tn 1 /" ' 

H31A — C31 — H31C 


1 AA C 

109.5 


H31B— C31— H31C 


109.5 


C23— 01— C21 


106.1 (2) 


CI 6— 02— C17 


120.06 (18) 


CI 5— 03— C14 


61.09(14) 


C7— 07— C31 


116.5 (2) 
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03— C14— C13 115.22(17) 



ni a P 1 P1 p -> 

C 1 0 — C 1 — C2 — C3 


-4.6 (4) 


pn p o pi /i pic 

09 — 08 — 0 1 4 — 0 1 5 


-153.4 (2) 


p i PI p ~> /--\ 

C 1 — C2 — C3 — 05 


171.1 (3) 


p -w\ PO p 1 /I PIT 

030 — 08 — 014 — 013 


-122.1 (2) 


C • 1 PI P "> p /] 

C 1 — C2 — C 3 — C4 


1/1 H i A \ 

— 14.6 (4) 


p n po p i /i p i -> 

09 — 0 8 — 0 1 4 — 0 1 3 


52.1 (3) 


Z"\C I /I Z~ ' i p\ 

05 — C3 — C4 — 029 


-24.3 (4) 


p i o P 1 O p 1 /l 

0 1 8 — 0 1 3 — 0 1 4 — 03 


1C1 CA/10\ 

-151.59 (18) 


C2 — C3 — C4 — C29 


1 zT 1 A / r )\ 

161.4 (2) 


pn pn pi /i p*") 

C 1 7 — C 1 3 — C 1 4 — 03 


i n "7 /t\ 

—29.7 (2) 


Z~\C Z"< /I PIO 

<J5 — C3 — C4 — C2o 


AO 1 /")\ 

92.2 (3) 


pii pn p i /i PiO 

0 1 2 — 0 1 3 — 0 1 4 — 03 


on a /1\ 

87.0 (2) 


Cz — C3 — C4 — C2 o 


on 1 /OA 

—82.1 (3) 


pi o pn pi /i pic 

018 — 013 — 014 — 015 


OC 1 /1\ 

—85.1 (2) 


s \ C P"> P /I /"if 

05 — 03 — 04 — 05 


-144.7 (3) 


P 1 7 p * 1 p 1 A p 1 f 

017 — CI 3 — C14 — 015 


36.8 (3) 


p 1 pci p a p c 

C2 — C3 — C4 — C5 


/ii n /")\ 

41.0 (3) 


P11 P11 p" 1 A P1C 

C 1 z — C 1 3 — C 1 4 — C 1 5 


1 CO C 

153.5 (2) 


p ~> p /] PC P /_ 

03 — 04 — 05 — 06 


175.64 (19) 


pi o pn p i a po 

C 1 o — C 1 3 — C 1 4 — C o 


70.8 (2) 


pil { \ p a P <T P /" 

029 — 04 — 05 — 06 


55.3 (3) 


p> 1 7 p 1 1 p 1 /I p o 

0 1 7 — 0 1 3 — 0 1 4 — 08 


-167.32 (18) 


PIO P /i PC P Z 

028 — 04 — 05 — 06 


-66.5 (3) 


p i -\ PI") p i /i PO 

012 — 013 — 014 — 08 


-50.6 (2) 


p i-) p a p r - p 1 n 

03 — 04 — 05 — CIO 


-52.7 (2) 


no p 1 /i p i £- 

08 — 0 1 4 — 0 1 5 — 03 


1 A 1 A /I \ 

101.0 (2) 


C • ~) f\ p A PC pi A 

029 — 04 — 05 — 0 1 0 


1 tj m / 1 a\ 

-173.07 (19) 


pn p i /i pic 

0 1 3 — 0 1 4 — 0 1 5 — 03 


-104.6 (2) 


p i o P" /l p c P 1 1 Z\ 

028 — 04 — 05 — 0 1 0 


65.1 (3) 


03 — 0 1 4 — 0 1 5 — 0 1 6 


1 AC 1 /^N 

105.2 (2) 


p A p c Pz" P*7 

04 — 05 — 06 — 07 


AA c /*>\ 

-90.5 (2) 


p o p 1 /i PIC /- ■> 1 

08 — 0 1 4 — 0 1 5 — 0 1 6 


1 CO O /1\ 

-153.8 (2) 


pi A PC p /" P*7 

010 — 05 — 06 — 07 


136.50 (19) 


pn p i /i pic p i /: 

C 1 3 — C 14 — C 1 5 — C 1 6 


0.6 (3) 


PC Z" 1 /_ P*7 Z~"\ /; 

05 — 06 — 07 — 06 


-31.4 (3) 


PI f p 1 /_ p. /I 

03 — C 1 5 — 0 1 6 — 04 


1 n o ii \ 

-132.8 (3) 


PC Pz" P*7 /"\ 1 

05 — 06 — 07 — 07 


1 C 1 c 

151.5 (2) 


p 1 A P1C /"• I / p. /I 

0 1 4 — 0 1 5 — 0 1 6 — 04 


158.6 (3) 


p^n p o pr\ /-< i 1 

030 — 08 — 09 — Cll 


127.1 (2) 


n') p 1 c pi/" p»i 

03 — 0 1 5 — 0 1 6 — 02 


A O A Z"1 \ 

48.4 (3) 


p 1 /I po p f\ p 1 1 

014 — 08 — 09 — Oil 


-47.0 (2) 


P 1 P1C P 1 /_ P.1 

C 1 4 — C 1 5 — C 1 6 — U2 


OA 1 / A \ 

-20.2 (4) 


Pin /" o pn z"' 1 a 

030 — 08 — 09 — 010 


1 A A A /") \ 

-100.9 (3) 


p 1 ^1 p 1 1 p i ^ /"\i 
0 1 4 — C 1 3 — C 1 7 — 02 


-58.0 (2) 


p i ^ po p n pin 

C14 — 08 — 09 — CIO 


OA A /^N 

84.9 (2) 


p | o P11 p 1 i Pi 

0 1 8 — 0 1 3 — 0 1 7 — 02 


z' 1 z" /1\ 

61.6 (2) 


p i p 1 p i n p 1 f\ 

C2 — 0 1 — 0 1 0 — 0 1 9 


118.2 (3) 


p i i p i i-t p i 7 ni 

0 1 2 — 0 1 3 — C 1 7 — 02 


1*7/1 A/I /1 0\ 

-174.94 (18) 


p 1 pi P1A p C 

C2 — C 1 — C 1 0 — C5 


-6.1 (3) 


p 1 p i -> pit pin 

014 — 013 — 017 — 020 


1 *70 AA / 1 0\ 

-178.09 (18) 


p i p 1 p i n pn 

02 — 0 1 — 0 1 0 — C9 


-123.0 (3) 


p i o P" 1 >~* p 1 7 PI A 

0 1 8 — C 1 3 — 0 1 7 — 020 


-58.5 (3) 


p /• pc pin p i 

Co — C5 — C 1 0 — C 1 


166.66 (19) 


p i o p i -> pit pm 

C 1 2 — C 1 3 — C 1 7 — C20 


zrc A ZO\ 

65.0 (2) 


p ^ p £■ p 1 n p 1 

04 — 05 — 0 1 0 — C 1 


35.5 (2) 


f-\ -\ p i 7 PI A /" ^ 1 

02 — C 1 7 — 020 — 02 1 


1 ") *7 C /"I \ 

137.5 (3) 


p /-_ pc z" 1 1 a pm 

06 — 05 — 0 1 0 — 0 1 9 


45.6 (3) 


pi 1 pn p -w\ p o i 

0 1 3 — 0 1 7 — 020 — 02 1 


AA 1 /")\ 

-99.2 (3) 


p i pc p i r» p 1 n 

04 — 05 — 010 — 019 


OC Z' /1\ 

-85.6 (2) 


p O PIT P1A p 1 1 

02 — 0 1 7 — C20 — 022 


-44.4 (3) 


p / pc pi n pa 

06 — 05 — 010 — 09 


-73.1 (2) 


p 1 -) P17 P1A P11 

0 1 3 — 0 1 7 — 020 — 022 


TO A /1\ 

78.9 (3) 


p /) p r- p i pi PA 

04 — 05 — 0 1 0 — 09 


1CC "7 A /10\ 

155.70 (18) 


p 1 1 p i n i~* r \ \ / \ 1 

022 — C20 — 02 1 — 0 1 


0.5 (3) 


p o pa p i p\ p i 

08 — 09 — 010 — 01 


-81.7 (2) 


p i 7 p i n z'-' 1 1 /"^v i 

017 — C20 — 021 — Ol 


1 *7 A A /O \ 

179.0 (2) 


pi i pa pm pi 

Cll — C9 — C 1 0 — C 1 


46.8 (2) 


/-in r^T) 

C21 — C20 — C22 — C23 


A A S->\ 

-0.9 (3) 


p o pa p 1 n p 1 a 

08 — 09 — CIO — C19 


36.9 (3) 


p 1 7 PI A P 1 1 PI O 

017 — C20 — 022 — 023 


1 in o /"> \ 

-179.3 (3) 


pi i 1 pa p 1 n p i n 

Cll — 09 — 010 — C19 


165.38 (18) 


p i n z~i^ i p 1 1 /- ~\ i 

020 — 022 — 023 — 0 1 


0.9 (4) 


p o pn pm z~^c 

0 8 — C 9 — 0 1 0 — 0 5 


1 CO A A / 1 T\ 

158.90 (17) 


P 1 1 p i "> 1 p i i 

022 — 023 — Ol — 021 


-0.6 (4) 


p i i pa p i n pc 

Cll — C9 — C 1 0 — C5 


-72.6 (2) 


020 — C21 — Ol — C23 


A A /1\ 

0.0 (3) 


p o pn p 1 i pn 

C o — C 9 — C 1 1 — C 1 2 


48.3 (3) 


04 — 0 1 6 — 02 — 0 1 7 


1 TO 1 z"1 \ 

178.2 (3) 


^ 1 W v 1 1 v^lZ 




v i j — i o — yjz, — ^ i / 




09— Cll— 012— C13 


-53.0 (3) 


C20— C17— 02— 016 


169.0 (2) 


Cll— C12— C13— C14 


50.4 (2) 


013— C 17— 02— 016 


43.4 (3) 


Cll— 012— C13— 018 


-69.3 (2) 


016— CI 5— 03— 014 


-109.9 (2) 


Cll— C12— 013— C17 


166.60(19) 


08— C14— 03— 015 


-114.1 (2) 


C30— C8— 014— 03 


99.9 (3) 


013— CI 4— 03— 015 


107.6 (2) 


09— C8— 014— 03 


-85.9 (2) 


06— 07— 07— 031 


-0.4 (4) 


C30— C8— 014— C15 


32.5 (3) 


06— C7— 07— 031 


176.7 (2) 
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